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IMMUNOASSAY FOR DETECTION OF VERY LO W PCT/US " /00902 
DENSITY LIPOPROTEIN AND ANTIBODIES USEFUL THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to diagnostic methods for detection and 
quantification of lipoproteins and cholesterol associated with lipoproteins. More 
particularly, the invention relates to assay methods for direct measurement of 
apolipoprotein B (apoB) associated very low density lipoproteins (VLDL) and cholesterol 
associated with VLDL using specific monoclonal antibodies. 

BACKGROUND OF THE INVENTION 

Very low density lipoprotein (VLDL) constitutes one of the major plasma 
lipoproteins. VLDL particles are synthesized in the liver and are involved in triglyceride 
metabolism and transport of these lipids from the liver. The end products of VLDL 
catabolism are low density lipoproteins (LDL), another major class of lipoprotein particles 
in plasma. 

It has been suggested that disturbances in the metabolism of apoB containing 
lipoproteins such as VLDL and LDL correlate with incidences of atherosclerosis (Hurt- 
Camejo et al. (1997) Arteriosclerosis, Thrombosis, and Vascular Biology L7(6): 1011- 
1017). Furthermore, an increase in VLDL levels has been associated with 
hypertriglycerimedia, hyperlipidemia or familial combined hypcrlipidemia (Betteridge 
(1989) Diabet Med 6: 195-218; Schaefer et al. (1985) New Engl J. Med H2" 1300-1310- 
Shaefer et al. (1993) Curr Opin Lipidol 4: 288-298). Hyperglyceridemia also has been ' 
shown to correlate with an increased incidence of coronary heart disease (Gianturco et al 
(1991) Curr Opm Lipidol 2: 324-328; Manninen et al. (1992) Circulation 85- 37-45 
Grundy et al. (1992) Arch Intern Med 152: 28-34). Many patients with 
hyperglycerimedia have very low levels of high density lipoprotein (HDL), another major 
lipoprotein m plasma. It is recommended to treat patients with coronary heart disease who 
concurrently have hypertriglyceridemia and low levels of HDL with druss and 
pharmacologic reagents, even when these patients have acceptable levels of total and LDL 
cholesterol (Larsen et al. (1993) Curr Opin Lipidol 4: 34-40): Stein and Mvers (1995) 
Clin Chem4i: 1421-1426). 

Two methods are presently used for the quantitation of VLDL. both of which 
involve the measurement of VLDL-cholesterol. The first method uses .he factor 
tnglycendc/5 as VLDL-cholesterol concentration (Friedewald et al. ( 1 972) Clin Chem 18- 
499-502). In this method, it is assumed that all plasma triglycerides are associated with ' 
VLDL and chylomicrons and that other VLDL remnants arc not present. Chylomicrons 
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- "opic lipid particles tha, appear in th e Hood transiently after a fat-To^" 
meal, are nch ,„ triglycerides and usuaMy have no stgnifican, effect on the total-choles ero, 
oncentratio. Allhough lhese w M ^ ^ 

usually provides good measure of VLDL-cho,es,ero, when ,he subject is fasting and * 
triglyceride concentrations do not exceed 400 mg/dL. 

The second method for quantitating VLDL uses ultracentrifugation In this 
method, an aliquot of pl asma is used to measure the total cholesterol concentration in the 
sample. A second aliquot of plasma is centrifuged (105,000 x g) at a plasma density 
concentration of 1 .006 g/mL for 18 hours at 4 »C. After centrifugation. the upper layer 
coining VL DL is quantiIatively and ^ .J* J 

isolated VLDL is measured. Alternatively, an aliquot of the remaining bottom layer which 

ImTT: ' U ^ '° ~ ' he cholestoo1 ™- ad > . ooUl 

tz^ty co ™ io " of vldl ([vldl ^> * - — « «*£ «* 

[VLDL-chol] - (Total-chol] - (d > 1.006 g/mL chol] 
Both methodologies suffer from a variety of problems. For example, the use of the 
acor triglycerides is unacceptable in cases where a subject is no, fasting, or where 

o?Tvrmr nce r ations exceed 400 mg/dL - Moreover ' ^ ™ m - * — 

(199,7 M " P ° Pr °" :inemiC Pa " entS ' ha,C0, " ain n ° a,in « be,a - VLDL (Belcher e, a, 

( . 991 ) Methods for Clinical Laboratory Measurement of Lipid and Lipoprotein Risk 

sev aT'sf ; I T WamiCk ' PreSS ' WaShin8 '° n ' ° C - 75 - 8S >- AIUkh* 
several studies have been conducted to determine better ways to measure 

^^T\™™° nSiMCnm * t * e,a ' ( '"°> Cli » C "™^ 36-42: Wamick 
U «i (1990) Chn ChemJ6: 15-19; Delong e, at. (1986) JAMA 256: 2379-2377) no 
significant improvement has yet been made. 

is that ^uT em U,traCenl " fu ^ 10n -hod of VLDL-cho.esterol quantitation 

s tha .s both t,me consuming and expensive to perform. Furthermore, since the method 

nZ s TT CqUiPment ' f3CilitieS ^ ,ab ° rat0,y SkU,S - U iS ™ Suitable ^ routine 
analysis of patient samples. To complicate these matters, no alternative methodologies for 

measunng VLDL, such as assays which measure apoB associated with VLDL are 
currently available, either for ana.ysis of patient samples or for research purpose. Thus 
there ,s a need for rapid, easily performed, accurate and cost effective methods for 
quantitating VLDL. 

SUMMARY OF THE INVENTION 

An objective of this invention is to generate monoclonal antibodies that are 
specific ior VLDL. Another object of this invention is to develop a method of directly 
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measuring apohpoprotein B-100 (apoB) and cholesterol associated with VLDL from 
plasma easily, cheaply, quickly and accurately without the need of highly trained 
technicians or expensive equipment such as ultracentrifuges. Yet another object of this 
invention is to directly measure VLDL-cholesterol without the analytical variability 
generally associated with the present method of quantitative removal of VLDL layer in the 
ultracentrifugation method even with highly trained technicians. 

In one embodiment, the present invention provides a method for determining the 
amount of apoB associated with VLDL in a sample comprising the steps of: (a) mixing a 
sample and a VLDL-specific binding agent for a time and under conditions to form 
binding-agent-VLDL complexes; and (b) determining the amount of apoB associated with 
VLDL bound to the binding-agent-VLDL complexes. In a preferred embodiment, the 
VLDL-specific binding agent is coupled to a solid support. In a more preferred 
embodiment, the solid support is separated from the sample before determining the 
amount of apoB bound to the binding-agent-VLDL complexes. Preferred solid supports 
include nitrocellulose, latex, nylon, polystyrene beads, particles, magnetic particles and 
glass fiber. In these embodiments, the VLDL-specific binding agent is an antibody or 
fragment thereof that binds to substantially all VLDL, to LDL at less than about 10% of 
VLDL binding, to IDL at less than about 10% of VLDL binding, and to HDL at less than 
about 10% of VLDL binding. Preferably, the antibody is a monoclonal antibody. More 
preferably, the monoclonal antibody is selected from the group consisting of 1 8-571 -3 p 
18-140-196, 18-459-172, and 18-358-211. A most preferred monoclonaTantibody is 18-' 
358-211. 

In yet another embodiment, the method further comprises the step of separating the 
binding-agent-VLDL complexes prior to determining the amount of apoB associated with 
VLDL. In a preferred method of this embodiment, the VLDL-specific binding agent is 
conjugated to a first charged substance and the separation step comprises contacting the 
binding-agent-VLDL complexes with an insoluble solid phase material which is 
oppositely charged with respect to the first charged substance, such that the solid phase 
material attracts and attaches to the first charged substance and separating the solid phase 
material and the sample. Preferably, the charged substances are anionic and cationic 
monomers or polymers. 

In another embodiment, the invention provides a method for determining the 
amount of apoB associated with VLDL in a sample comprising the steps of: contacting the 
sample with an indicator reagent wherein the indicator reagent is a monoclonal antibody or 
fragment thereof that specifically binds to apoB associated with VLDL and with a solid 
support coated with VLDL for a time and under conditions to permit binding of the 
indicator reagent with the VLDL in the sample and with the bound VLDL and determining 
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the a m oun t of apoB associated with VLDL m the test sa mp ,e by detecting th^ilT 
b nd,ng of the md.cator reagent to the solid support as compared to the signa, general 
from a negat.ve sample to indicate the presence of VLDL in the test sample In this 
embod.ment, the indicator reagent is preferably the monoclonal antibody 18-358-21 1 
In another embodiment, the invention provides a method for determining the 
amount of cholesterol associated with VLDL in a sample and comprises the steps of 
mtxmg a sample and a VLDL-specific binding agent for a time and under conditions to 
form bmdmg-agent-VLDL complexes; and determining the amount of cholesterol bound 
to the bmdtng-agent-VLDL complexes. In a preferred embodiment, the VLDL-specific 
bmdmg agent is coupled to a solid support. In a more preferred embodiment, the solid 
support . separated from the sample before determining the amount of cholesterol bound 
o the bmdmg-agent-VLDL complexes. Preferred solid supports include nitrocellulose 
latex nylon, polystyrene, beads, particles, magnetic particles, and glass fiber In these ' 

171 T y LDL - SPCCiflC bl " din S is a » -.body or fragment thereof that 
b mds to substantially all VLDL, to LDL at less than about 10K of VLDL binding to IDL 
at less than about 10% of VLDL binding, and to HDL at less than about 10% of VLDL 
binding. Preferably, the antibody is a monoclonal antibody. More preferably the 

^^^21^ fr ° m 8r ° UP COnSiSt ' ng ° f 18 - 571 " 312 ' 18- 

In one alternative embodiment, determining the amount of cholesterol comprises 
releasing the cholesterol bound to the binding agent-VLDL complexes and measuring the 
amount of cholesterol released. In a second alternative embodiment, determine the 
amount of cholesterol comprises mixing the binding-agent-VLDL complexes with a 
cholesterol specific binding agent coupled to a detectable label for a time and under 
condmons suitable to form binding-agent-VLDL-cholesterol specific binding agent 
complexes and determining the amount of label bound to the binding-aaent-VLDL- 
cholesterol specific binding agent complex. 

In yet another embodiment, the method further comprises the step of separating the 
w- 'vtr ™ ~ ~ » ^mining the amount of choLeroLsociated 
Z l f , * P emb0diment ' the VLDL-specific bindingagent is conjugated 

to a first charged substance and the separation step comprises contacting the 
bmd.ng-agent.VLDL complexes with an insoluble solid phase materia, which is 
oppositely charged with respect to the first charged substance, such that the solid phase 
ma -a attracts and attaches to the first charged substance and separatmg the so.id phase 
material and the sample. Preferably, the charged substances are anionic and cationic 
monomers 0 r polymers. One alternative embodiment of this method involves releasing the 
cholesterol bound to the binding-agent-VLDL complexes and measuring the amount of 
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cholesterol released. A second alternative embodiment invovles mixing the 

binding-agent-VLDL complexes with a cholesterol specific binding agent coupled to a 
detectable label such that a second complex is formed and determining the amount of label 
bound to the second complex. 

The present invention also provides an antibody or fragment thereof specific for 
VLDL wherein the antibody binds to substantially all VLDL, to LDL at less than about 
10% of VLDL binding, to IDL at less than about 10% of VLDL binding, and to HDL at 
less than about 10% of VLDL binding. Preferably, the antibody is selected from the group 
consisting of 18-571-312, 18-140-196, 18-459-172, and 18-358-211. A most preferred 
antibody is produced by a hybridoma cell line having ATCC Accession No. HB- 12392. 

The present invention also provides a hybridoma cell line that produces a 
monoclonal antibody which binds to substantially all VLDL, to LDL at less than about 
10% of VLDL binding, to IDL at less than about 10% of VLDL binding, and to HDL at 
less than about 10% of VLDL binding. Preferably, the hybridoma cell line produces a 
monoclonal antibody selected 

from the group consisting of 18-571-312, 18-140-196, 18-459-172, and 18-358-211. A 
most preferred hybridoma cell has ATCC Accession No. HB-I2392. 

The present invention yet further provides a monoclonal antibody specific for 
VLDL prepared by the method comprising the steps of: (a) immunizing a mouse or a rat 
with Apo CHI; (b) making a suspension of the mouse or rat spleen cells; (c) fusing the 
spleen cells with mouse or rat myeloma cells in the presence of a fusion promoter; (d) 
culturing the fused cells; (e) determining the presence of anti-VLDL antibody in the 
culture media; (0 cloning a hybridoma producing antibody that binds to substantially all 
VLDL, to LDL at less than about 10% of VLDL binding, to IDL at less than about 10% of 
VLDL binding, and to HDL at less than about 10% of LDL binding; and (g) obtaining the 
antibody from the hybridoma. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1: Typical antibody titer plots of the monoclonal antibody 18-358-21 1 obtained by 
incubating microliter plates with LDL, VLDL. HDL, and IDL bound to the plates in 
separate wells and measuring the antibody bound to the lipoproteins by an ELISA. 

Figure 2: Antibody titer plots of four monoclonal antibodies obtained by incubating 
antibodies with VLDL bound to the microliter plates and measuring the binding of ~ 
antibodies to VLDL by an ELISA. 
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Figure 3 . Typical co.petitive binding curves of the monoclone antibody 18 3^ ,1 
obuuned by pre-incubating the antibody with a lipoprotein, adding the mixture to the 
microliter plate with VLDL bound to the plate reaction wells and measuring the antibody 
bound to the VLDL by an ELISA. ne antioooy 

1 8 8 3^ ^ VLDU HDL ' ** IDL thC -noclonal antibody 

8-358-2 1 1 obtained by incubating the lipoproteins with the antibody bound to the 

microliter plates and measuring the binding of the lipoproteins to the antibody by an 

Figure 5. Titration of VLDL with four monoclonal antibodies obtained by incubating 
VLDL with monoclonal antibodies bound to the microtiter plates and measuring the 
binding of VLDL to the antibodies by an ELISA. 

Figure 6: A typical cholesterol standard curve for a specific VLDL-cholesterol 
tmmunocapture assay of this invention. 

1^ A ; 0rrda,i °" CUTC for V LDL-choles.erol measurement by ,he immunocapture 
meld 8 m0n ° C,0nal antib ° dy ' 8 - ; ' 58 - 21 1 "Sepharose and «he uhracemrifuge 



20 method. 



wUh HDF « 8 CUrVCS ° f HRP °- Iabel,ed -ti-HDL polyclonal antibody 

w th HDL. B is a typical binding curve of the HRPO-labelled anti-apoB monoclonal 
^ ant lb ody with LDL, VLDL, IDL and HDL. Both are as described in Example 2. 

Figure 9: A typical calibration curve plot of VLDL-cholesterol concentration versus 
aosorbance usrng the immunoassay method of Example 10. 

30 iToV A C r lati ° n VLDL " Ch0leSter ° l measurements by the immunoassay 

method using the monoclonal antibody 18-358-21 1 and uhracemrifuge method. 

DETAILED DESCRIPTION OF THE INVENTION 

• Definitions 

Unless otherwise stated, the following terms shall have the following meaning 
, 1 hC ,Cn " " fluid Sam ^ e " or ' ilest «mp«e". as used herein, includes bioloo ica l " 
samples which can be tested by the methods of the present invention and includ^e human 
and animal body fluids such as whole b.ood, serum, plasma, cerebrospinal n Uld urine 
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lymph fluids, and various external secretions of the respiratory, intestinal and 

genitorurinary tracts, tears, saliva, milk, white blood cells, and the like, and biological 
fluids such as cell culture supernatants. Any substance which can be adapted for testing 
with the reagents described herein and assay formats of the present invention are 
contemplated to be within the scope of the present invention. 

The term "analyte", as used herein, is the substance to be detected which may be 
present in the test sample. The analyte can be any substance for which there exists a 
naturally occurring specific binding member (such as, an antibody), or for which a specific 
binding member can be prepared. Thus, an analyte is a substance that can bind to one or 
more specific binding members. Analytes include but are not limited to antigenic 
substances, haptens, antibodies, and combinations thereof. The term "anti-analyte'\ as 
used herein, refers to an analyte specific binding member. 

A "specific binding member" or "specific binding agent", as used herein, refers to 
one member or partner of a specific binding pair. A "specific binding pair" refers to two 
different molecules wherein one of the molecules through chemical or physical means 
specifically binds to the second molecule. A typical example of specific binding members 
or agents which constitute a specific binding pair are an antigen and an antibody. Other 
specific binding pairs can include biotin and avidin, carbohydrates and lectins, cofactors 
and enzymes, enzyme inhibitors and enzymes, effector and receptor molecules, and the 
like. Furthermore, specific binding pairs can include members that are analogs of the 
original specific binding members, for example, an analyte-analog. Immunoreactive 
specific binding members include antigens, antigen fragments, antibodies, antibody 
fragments, both monoclonal and polyclonal, and complexes thereof. 

The term ' ancillary specific binding member", as used herein, refers to a specific 
binding member which binds to an analyte specific binding member and includes for 
example, an antibody to an antibody. 

The term "hapten" as used herein, refers to a partial antigen or non-protein binding 
member which is capable of binding to an antibody, but which is not capable of eliciting 
antibody formation unless coupled to a carrier protein. 

A ' capture reagent" as used herein, refers to an unlabeled specific binding member 
which is specific either for the analyte as in a sandwich assay, for the indicator reagent or 
analyte as in a competitive assay, or for an ancillary specific binding member, as in an 
indirect assay. The capture reagent can be directly or indirectly bound to a solid phase 
material before the performance of the assay or during the performance of the assay, 
thereby enabling the separation of immobilized complexes from the test sample. 
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An -indie*, reagent" as used herein comprises a specific binding J^ST""" 

ind r— - ^ ^dinsUt: whic „ 

■ Sord r ; ^ ' abeled anCi "^ SpCCiRc bi " di "8 «*"*« 

wa„s of „e o 1 SUPPO " S " ) ^ '° *« « - «he 

nitrocellulose strips, membranes, rnicroparticles such as latex particles sheen or „, h 
animal) red blood cells, and Duracytes® (red blood ceNs "fixed" bv „v „ 
, r M ava „ ab|e from Abbo „ * — ^ and 

phase' -ot critical and can be selected by one skilled in the art. Thus latex 

ddutona receptor can include a charged substance that is oppositely clrg J^th respect 
As • II T"' itX>COr '° 2 ChSr8ed SUb — "» - -p-ure reaeeT 

» rh ist" en, ; ,,ve ' the receptor mo,ecuie can be any ^ -J- ' 

Tmlb i ™r e ^ UP °" ( ,0> ,he solid phase and which h - "» *™<y » 

immobilize the capture reagent through a specific bindins reaction Th, „.„ , . , 

C™ ce : it,rr r durm8 the perf ~ of the assay - The ^ *■» « 

of a ' be P C ' mag " eUC " ""-""W** ««■'. eu» or siHcon surface 

In a red b H u r S ' ,ee '' *-P (or other suitable 
"i'in ' ° y ' eS ® ^ °' her C ° nfi "s k — * those of ordinary 

also can™ COn ' empla,ed a " d ,he ««* ° f present invention tha, the solid phase 

dlr„ nT; a,,y s ; »>**■* ^ by 

go "any ar nrCr Th" " '° M ™?°™ ~ 

as we , 7 " ma ' er,alS S,n,C ' Urc in ,to h ^ rated «■» -ay be used 

:H I::; :: f ; :" d r ppo « s ^ - « - » --,,010*= :„< OTtan . 

form " 7 P ° rOUS S °' id SUPPO " S dCSCribed h ™" P^ferablv are in the 

fcnn o, sheets o, thickness from about 0.0. ,o 0. 5 mm. preferably .bou. 0.1mm Th ore 
«« may vary within wide limits, and preferably is from about 0.02, ,o 1 , micro,! 
specially from ab„„, 0, 5 ,„ , 5 micron, The surface „f such support L^iv^ 
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by chemical processes which cause covalent linkage of the antigen or antibody to the 
support. The irreversible binding of the antigen or antibody is obtained, however, in 
general, by adsorption on the porous material by poorly understood hydrophobic forces. 
Other suitable solid supports are known in the art. 

The term "label", as used herein, refers to any substance which can be attached to 
specific binding agents, such as antibodies, antigens, cholesterol binding agents, Lp(a) 
specific binding agents and analogs thereof, and which is capable of producing a signal 
that is detectable by visual or instrumental means. Various suitable labels for use in the 
present invention can include chromogens, catalysts, fluorescent compounds, 
chemiluminescent compounds, radioactive elements, colloidal metallic (such as gold), 
non-metallic (such as selenium) and dye particles (such as the particles disclosed in U.S. 
Patent Nos. 4,313,734, 4,954,452, and 4,373,932), enzymes, enzyme substrates, and 
organic polymer latex particles (as disclosed in co-owned U.S. Patent 5,252.459, issued 
October 12, 1993), liposomes or other vesicles containing such signal producing 
substances, and the like. A large number of enzymes suitable for use as labels are 
disclosed in U.S. Patent No. 4,275,149. Such enzymes include phosphatases and 
peroxidases, such as alkaline phosphatase and horseradish peroxidase which arc used in 
conjunction with enzyme substrates, such as nitro blue tetrazolium, 3.5',5.5'- 
tetranitrobenzidine, 4-methoxy-l-naphthol, 4-chloro-l-naphthol, 5-bromo-4-chloro-3- 
mdolyl phosphate, chemiluminescent enzyme substrates such as the dioxetanes described 
in US Patents 4,857,652 (issued August 15, 1989), 4,931,223 (issued June 5,1990), 
4,931,569 (issued June 5,1990), 4,962,192 (issued October 9, 1990), and 4,978,614 (issued 
December 18, 1990), and derivatives and analogs thereof. Fluorescent compounds such as 
fluorescein, phycobiliprotein, rhodamine and the like, including their derivatives and 
analogs are suitable for use as labels. 

The linking of labels, i.e. labeling of peptides and proteins is well known to those 
of ordinary skill in the art. For example, monoclonal antibodies produced by a hybridoma 
can be labeled by metabolic incorporation of radioisotope-containing amino acids 
provided as a component in the culture medium. (See, for example. Galfre et al.. (1981) 
Meth. Enzymol., 73: 3-46). The techniques of protein conjugation or coupling through 
activated functional groups are particularly applicable. (See. Avrameas et al., (1978) 
Scand. J. Immunol., 8(7): 7-23. Rodwell etal. (1984) Biotech.. 3: 889-894 and U.S. Patent 
No. 4,493.795). 

Cholesterol binding agents bind specifically to cholesterol and include digitonin, 
lomatine, filipin. amphotericin B and specific binding proteins such as polyclonal and 
monoclonal antibodies and other synthetic and recombinant proteins that specifically bind 
cholesterol, cholesterol esters and/or the cholesterol associated with lipoprotein particles. 



A number of cholesterol binding agents are known in the literature. These includT 
saponins such as digitonin (Berezin et al (1980) Vopr Med Khim 26: 843-846- Tsybul's 
kaya e,a/.(1986)Bioorg Khim 12: 1391-1395), tomatine (Schultz and Sanders (1957) Z 
Phys,olChem.308: 122-126; Eskelson et al. (1967) Clin Chem 13: 468-474) filipm 
5 (Boernig et al. (1974) Acta Histochem 50: 1 10-115; Behoke et al. (1984) Eur J Cell 
Biol 35: 200-205), amphotericin B (Braitburg et al. (1984) J Infect Dis 149- 986-997) 
Tnterpene Glycoside HalotoxinAl and related compounds (Ivanov et al (1986) Vopr ' 
Med Khim 32: 132-134). Both monoclonal and polyclonal antibodies to cholesterol are 

•o ZtZ-i9i mmo1 (l964) ~ 515; Nature (1965) m Proc Natl Acad Sci USA 

Digitonin, tomatine, amphotericin B and anti-cholesterol antibodies can be used in 
the quantitation of cholesterol and its esters in lipoprotein particles. Digitonin and 
tomatine can be chemically modified and then conjugated to horseradish peroxidase 
(HRPO) and alkaline phosphatase (AP). Amphotericin B and anti-cholesterol antibodies 

•5 can be coupled directly to HRPO and AP. These four HRPO and AP conjugates bind to 
cholesterol and us esters associated with VLDL. The binding affinity of the enzyme 
conjugates to VLDL follows the order: digitonin > tomatine > anti-cholesterol antibodies 
> amphotericin B. Because digitonin conjugates and tomatine conjugates bound more 
effectively to the cholesterol components of VLDL, these conjugates are preferred in the 

20 present invention. 

The Invention 

The present invention provides a method(s) for determining the amount of apoB 
associated with VLDL in a fluid sample. A VLDL-specific binding agent and a sample 

^5 are mixed and incubated for a time and under conditions suitable to form binding agent- 
VLDL complexes. Thereafter, the amount of apoB associated with the VLDL present in 
the sample is determined from the amount of VLDL present in the bindine-agent-VLDL 
complexes. The present invention also provides methods for determinin^tlJamount of 
cholesterol associated with VLDL in a fluid sample. In this case, a VLDL-specific 

30 bmdmg agent and.a sample. are mixed and incubated as described above: thereafter the 

amount of cholesterol associated with the VLDL in the complex is measured The present 
invention also provides reagents, such as, for example, VLDL-specific binding aeents for 
use in the methods described herein. 

35 a. Reagents 

VLDL-specific binding agents of the present invention include VLDL-specific 
bmdmg proteins, such as monoclonal (Mab) and polyclonal antibodies (Pab) and other 
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VLDL specific synthetic or recombinant proteins that specifically bind VLDL particles. 

Preferably, the VLDL-specific binding agent is selective for only VLDL, but some 
recognition of or binding to other lipoproteins can be tolerated. For example, an antibody 
selected for its ability to bind only to VLDL particles present in a sample can minimally 
capture other lipoproteins (i.e bind other lipoproteins by up to 10% of VLDL binding and 
still be utilized in the invention. In addition, preferably the VLDL-specific monoclonal 
antibody should not cross-react with non-lipoprotein materials present in a sample. In a 
more preferred embodiment, a VLDL-specific binding agent selectively binds to VLDL, 
but not to other lipoproteins. For example, a more preferred VLDL specific binding agent 
binds only to VLDL and not to other lipoproteins, such as HDL, LDL, IDL, and Lp(a). A 
most preferred VLDL specific binding agent is a monoclonal antibody. 

The term antibody is also meant to include both intact molecules as well as 
fragments thereof, such as, for example, Fab and F(ab')2 which are capable of binding 
antigen. Fab and F(ab')2 fragments lack the Fc fragment of intact antibody and may have 
less non-specific binding than an intact antibody (Wahl, et ai., J. Nuci Med. 24: 3 16-325, 
1 983). Such fragments also may be used for the detection and quantitation of VLDL 
cholesterol particles according to the methods disclosed herein in the same manner as 
intact antibodies. Such fragments are well known in the art and are typically produced by 
enzymatic degradation of an antibody, such as with pepsin, papain, or trypsin. 
Alternatively, antibodies and antibody fragments can be prepared using recombinant 
antibody methods such as those described in US Patent Applications Serial Nos 513957 
693249, 789619, 776391, 799770, 799772, and 809083, wherein antibodies or antibody ' 
fragments are produced from the RNA of an antibody producing B-cell from an 
immunized animal, such as a rat or mouse, using known recombinant techniques. 

VLDL-specific binding agents according to the present invention also include 
bacteriophage described in US Patent 4,797,363. Bacteriophage tail or head segments are 
capable of selectively binding antigens. By mutation and selection processes, " 
bacteriophage having the necessary binding characteristics to selectively bind lipoprotein 
cholesterol particles can be obtained. 

VLDL-specific binding agents according to the present invention also include 
nucleic acid sequences, such as DNA and RNA. which selectively bind to lipoprotein 
cholesterol particles. A library of nucleic acid sequences are tested for the desired binding 
characteristics and the sequences that are specific for lipoprotein cholesterol particles are 
isolated and replicated. Weintraub et al., WO 92/05285. and Gold et «/.. WO 91/19813 
both disclose methods for the preparation of DNA and RNA sequence which are antigenic 
specific. 
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b ' Methods for Determining VI nt in a F i uiri Samp i„ 

The present invention utilizes a VLDL-specific binding agent to form a binding 
by 3 h , L Pa " iCleS 3 ^ ™ emb0di ™"'- «* -*od is perf ld 

c n lb , mng all components of the test mixture , mulianeousiy _ e a VLDL ; ™ ed 

bmdmg agent a test samp,e, and any indicator reage„,(s) for detecting VLDL and then 
determmmg .he amount of apoB or cholesterol associated with VLDL In a second 
preferred embodiment, a .es, sample is combined with a VLDL-specific binding a 8 en. and 
hen separated from the bind.ng agent-VLDL compiexes fomted before measuring h 
mou . of a B cho|estero , associa(ed vldl ^ comp(exes More g*^ 
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apoB or cholesterol associated with VLDL is made. 

Separation of.he binding-agcn.-VLDL con.plexes from the sample or more 
specfica ly from ,he other lipopro.ein panicles in ,he sample can be accomplished in a 
vanety of ways. When .he binding agent ,s coupled to a so„d support. ,he solidlp on 
can U removed Iron, ,he samp,e or ,„c sample can be removed from the solid sup^r, 
Tor example, when ,„e sohd suppor, ,s a micrcter plate or another typ e of rcacCel, 
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device, such as the devices described in US Patents 5,075,077 and 4,883,763, and US 
Patent Application Serial No. 523,629, the sample can be removed from the wells and the 
plate washed of any residual sample. When the solid support is a particle, such as a latex 
or magnetic particle, the solid support can be separated from the sample by filtration 
through a fiber matrix, such as the devices described in US Patents 4,552.839 and 
5,006,309, US Patent Applications Serial Nos. 554,975, 61 1,235 and 425,65 l", and Fiore et 
al. (1988) Clin. Chem. 34: 1726-1723 or by attraction to a magnet followed by removal of 
the particles or the sample. Alternatively, the binding-agent-VLDL complexes can be 
separated or removed by filtration such as by the Ion Capture Methodology described in 
EP patents 0326100 and 0406473, both of which enjoy common ownership. These 
applications describe the use of ion capture separation, in which specific binding members 
used in an assay are chemically attached to a first charged substance and a porous matrix 
having bound thereto a second charged substance that binds to the first charged substance. 
A specific binding pair is formed and separated from the reaction mixture by an 
electrostatic interaction between the first and second charged substances. The specific 
binding member is preferably covalently coupled to the first charged substance. Examples 
of charged substances include anionic and cationic monomers or polymers, such as 
polymeric acids, e.g. polyglutamic acid, polyaspartic acid, polyacrylic acid and polyamino 
acids; proteins and derivative proteins, such as albumin; anionic saccharides, such as 
heparin or alginic acid; polycations, such as GafQuat™ L-200 and Celquat™ H-100. The 
art is replete with examples of solid supports, as well as techniques in the separation of 
samples from solid supports. 

Alternatively, the methods of the present invention may be performed without the 
need for a separation step, as described in PCT Publication No. WO94/20636, published 
September 15. 1994. PCT Publication No. WO94/20636 teaches genetically engineered 
proteins, such as hybrid enzymes and their preparation and use in quantitative and 
qualitative assays. In the method systems described, a hybrid enzyme .is provided which 
comprises a starting enzyme and a foreign amino acid moiety that either replaces or is 
inserted into an amino acid sequence of the starting enzyme at a region close to the 
enzyme's active site. The foreign moiety may be either a first member of a specific 
binding pair or a linking moiety to which a ligand may be coupled or conjugated. In either 
case, the resulting hybrid enzyme exhibits the enzymatic activity of the starting enzyme. 
Furthermore, the foreign moiety of the hybrid enzyme can still bind to its corresponding 
specific binding pair member or to an anti-ligand and as a consequence of such binding? 
modulate or modify the activity of the hybrid enzyme. Thus, in an assay system 
comprising a hybrid enzyme, the enzymatic activity will change depending upon the 
presence or the amount of analyte in the test sample. 
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hybrid enzyme comprises the steps of (1) contactino a te* «, . • 1ZCS 3 
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detected using an ancillary antibody which is labeled, such as labeled goat anti-mouse 

antibody. Furthermore, the use of biotin and antibiotin, biotin and avidin, biotin and 
streptavidin, and the like, may be used to enhance the generated signal in the assay 
systems described herein. 

For purposes of illustration, the following sandwich formats may be utilized: in a 
first format, VLDL particles present in a plasma sample are specifically captured by a 
VLDL specific monoclonal antibody immobilized on a solid support. After removing the 
other lipoprotein particles, the apoB associated with the VLDL bound to the solid support 
is quantitated using an apoB specific monoclonal antibody or polyclonal antibody (which 
are labeled) as an indicator reagent. Since apoB is common to LDL, VLDL, IDL and 
Lp(a), any monoclonal or polyclonal antibody that cross reacts to the apoB of one or more 
of these lipoproteins is suitable as an indicator reagent (provided such antibody is not 
specific to the apoB of the specific lipoprotein, with the exception, of course, of VLDL). 
Such antibodies are well known to those of ordinary skill in the art (see, for example, WO 
93/18067, published September 16. 1993). Preferably, in these formats, the indicator 
reagent is labeled with an enzyme. 

In addition to the foregoing sandwich assay formats, competitive assays are also 
contemplated by the invention. In one format, labeled VLDL may compete with the 
VLDL to be determined in a fluid sample for binding to a VLDL specific monoclonal 
antibody which has been immobilized on a solid support. In a second format, VLDL in 
the sample competes with VLDL attached to the solid support for binding by a labeled 
VLDL specific antibody. It is fully expected that other known assay formats may be 
advantageously adopted by the skilled artisan and these are within the scope of the 
invention, to be utilized with the unique antibodies herein set forth and described. 

Another alternative is based on an immunochromatographic assav format (such as 
described in US Patent 4,954.452 and US Patent 5,229,073. for example) in which the 
lipoprotein particles in the test sample bind to a labeled VLDL binding agent. The 
resulting complexes then travel along a test strip by capillary action. The labeled Lp(a) 
complexes are then captured by a high affinity VLDL specific antibody immobilized on 
the test strip, followed by detection and measurement of the captured labeled VLDL 
complexes. Typically, the test strip is comprised of a porous or bibulous membrane and 
the result is determined by a visual readout of a detectable signal. Other test strip assay 
formats are also within the scope of the invention. 

The use of scanning probe microscopy (SPM) for immunoassays also is a 
technology to which the monoclonal antibodies of the present invention are easily 
adaptable. In scanning probe microscopy, in particular in atomic force microscopy, in the 
capture phase, for example, at least one of the monoclonal antibodies of the invention is 
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adhered ,o a solid phase and a scanning probe microscope k ^ de( ^ S ~ 
n.,gen,a„,,body complexes which may be present on ,„e surface of th e solid phase The 
—cling microscopy elimina.es the need for labels which noLIy H, 
be utihzedm many immunoassay systems to de.ec, antigen/antibody complexes Such" 
sys,em ,s descr,bed in Publication No. WO 92/,5709, published September ,7 ,992 

c ' Mahods for Determininp VI DL-chnle«>r n l 
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and are well known to those of ordinary skill in the an (see for example WO 93/18067 
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cholesterol-specific enzyme such as cholesterol oxidase; through the formation of a 

cholesterol-specific binding complex; or through the release of the cholesterol from VLDL 
followed by detecting the amount of cholesterol released using any of the above methods. 
One skilled-in-the-art may conceive of yet other methods of detection applicable to this 
method. 

For purposes of illustration, a VLDL-cholesterol measurement can be made as 
follows: VLDL particles present in a plasma sample are specifically captured by an 
VLDL-specific monoclonal antibody immobilized on a solid support. After separating the 
solid support from the other unbound plasma lipoproteins, the cholesterol content of the 
bound VLDL particles is estimated by releasing the cholesterol and its esters with a 
detergent solution. A standard cholesterol assay reagent comprising cholesterol ester 
hydrolase, cholesterol oxidase and horseradish peroxidase is added. The liberated 
hydrogen peroxide is then quantitated using a Tinder dye reagent comprising of 
4-aminoantipyrine and 3,5-dichloro-hydroxybcnzenesulfonic acid similar to that described 
in the art (see Sidel et al. (1983) Clin Chem 29: 1075-1079). The cholesterol 
concentration in a given sample is quantitated on the basis of the color generation. 

The measurement of VLDL-cholesterol can also be accomplished indirectly by 
removing all the other lipoproteins from the sample. The selective binding agents of a 
group of selected lipoproteins can be used to remove these lipoproteins from a sample, 
leaving behind substantially only one lipoprotein in the sample. Measurement of the 
cholesterol in the sample after this group of lipoproteins have been removed gives an 
indication of the amount of cholesterol present in the remaining lipoprotein. For example, 
selectively removing HDL, LDL, IDL and Lp(a) will essentially leave behind VLDL in 
the sample. Measurement of the cholesterol in the remainder of the sample will give an 
estimation of the VLDL-cholesterol present in the sample. The cholesterol levels 
associated with the other lipoproteins could be measured by simply changing the group of 
selected lipoproteins removed from the sample. Moreover, lipoprotein specific binding 
agents, such as antibodies, that are not selective for only one lipoprotein, such as an 
antibody that binds to both VLDL and LDL, but not Lp(a), can be used to remove the 
-antibody cross-reacting lipoproteins (VLDL and LDL) in the measurement of cholesterol 
associated with a non-cross reacting lipoprotein (Lp(a)) using this indirect method. 

This indirect approach can also improve the efficacy of lipoprotein specific binding 
agents, used in the direct measurement of a specific lipoprotein, that are not sufficiently 
selective for the lipoprotein of interest. By removing an antibody cross-reacting specific 
lipoprotein from the sample prior to specifically measuring the lipoprotein cholesterol of 
interest, the effect of such cross-reactivity is eliminated. 
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Moreover, ,he sequential remova, and measurement of specific lipoprotein 
cholesterol levels from .he same aliquot of sample permits the me of less selective 
hpoprotem bmding agents in the measurement of apoprotein choksterol levels later in the 
sequence. For example, an antibody that binds to both VLDL and LDL could be used to 
selecvely capture VLDL if the LDL present in the sample had prevtously been removed. 

The following examples are illustrative of the invention and are in no way to be 
•merpreted as limiting the scope of the invention as defined in the claims It will be 

uL Pr of whilt 0,16 Ski " ed - in - he - art ™ ~ * devices and methods for 
use of winch the present mventive concepts can be applied. Throughout the entire 

specification, i, is intended that citations ,„ the literature, including patents and patent 
applications, are expressly incorporated by reference. 

GENERAL METHODOt nr.icy 
1. Develop ment of Monoclonal Antibodies ng ainsiVLDL: Apolipoprotein CHI (Apo 
CHI) was used as immunogen to develop VLDL specific monoclonal antibodies Apo CIII 
is primarily associated with VLDL as a major .ipoprotei, ., is also present in the HDL 
fraction as a minor component. Apo CHI contains 79 amino acid residues with a 
molecular weigh, of 9,000 (Brewer e, al. (.974) J. Bio. Chem 249: 4975). The objective 
of using Apo CIII as a targe, immunogen was to develop monoclonal antibodies that 
would mterac, with a preferred conformation dictated by VLDL and no, by HDL 

a. Immunization: Six female 4-6 week old RBF/dn mice (Charles River 
Wilmington, MA) were immunized wi,h Apo CIH (Calbiochem. La Jolla. CA) The dose 
level was 25 ug in 0.1 mL of a 1 :1 ratio of the Apo CIII solution in Freund's Complete 
Adjuvant (Di co Laboratories. Detroit, Ml,. The adjuvant emulsion route of injection was 
equaHy dismbuted imerperhoneally and subcmaneous. The mice were aiven subsequent 
immunizations of Apo CIII on weeks three and five, 25 u.g in 0.1 mLofa 1:. ratioof 
Freund s incomplete Adjuvant. The adjuvant emulsion route of injection was equally 
distributed imerperhoneally and subcutaneous. Three days prior to the fusion mice were 
given an immunization of 25-50 ug Apo CIII in 0.9% saline bv IV tail vein injection 

b. ^ra^ta: Ten days following the third immunization, sera samples were 
by orbital vein puncture and analyzed for APO CIII specific antibody ,i,er by 

enzyme immunoassay (EIA). Micro.iter wells were coa.ed with ,00 microli.ers (uL) of I 
I>S/n,L Apo CIII „, phospha,e buffered saline (PBS) or 100 t ,l PBS and incuba.ed a, room 
cmpera.ure overnigh,. The following day ,he pla.es were blocked for 30 minutes with 
-00 pL per well of 3% bovine serum albumin (BSA) in PBS. After washing the plate 50 
° f SCra SamP ' C ™ S addcd P« al '<» 2 serial dilutions s,ani w a, a \ : ! 00 dilul'ion 
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and incubated 1 hour. The plates were washed and 50 uL of diluted goat anti-mouse 

IgG+M-HRPO (Kirkegaard and Perry Laboratories, Gaithersburg, MD), was added to the 
plate for a 30 minute incubation period. The plate was washed a final time and the color 
developed using o-phenyienediame.2HCl (OPD) (Abbott Laboratories, Abbott Park, IL). 
The relative intensity of optical density readings identified mouse numbers 1 and 5 to have 
the highest Apo CI II titer with minimal BSA background. Thus, these mice were selected 
for fusion ten weeks following the first immunization. 

c. Fusion: On the day of fusion, the two mice were euthanized by cervical 
dislocation and a splenectomy was performed. Splenocytes were flushed out and washed 
in Iscoves's Modified Dulbecco's Medium (IMDM) (GIBCO, Grand Island, NY) and 
centrifuged at 1000 rpm for 5 minutes. The splenocytes were combined with SP2/0 
myeloma cells at a 1 : 1 ratio, washed in IMDM, and centrifuged. The supernatant was 
removed and 1 mL of 50% polyethylene glycol (PEG) (American Type Culture 
Collection, Rockville, MD) was added to the pellet for one minute as the pellet was gently 
dispersed by tapping and swirling. Thirty milliliters of IMDM were added to the mixture 
and centrifuged as previously described. The supernatant was decanted and the pellet 
resuspended in IMDM with Hypoxanthine Aminopterin Thymidine (HAT) (GIBCO, 
Gaithersburg, MD), 15% Fetal Bovine Serum (FBS) (Hyclone Laboratories, Logan, UT), 
Origen Hybridoma Cloning Factor (Igen, Rockville, MD), and Salmonella tvphimurium 
mitogen (STM) (1 % v/v) (RIBI Immunochem Research, Inc., Hamilton, MT). The fusion 
cells were plated into 96-well tissue culture plates at 3 x 10 s cells per well. The fusion 
cells were given media changes by aseptically aspirating half the tissue culture supernatant 
and feeding with IMDM with 1 % v/v HT (hypoxanthine and thymidine) Supplement 
(GIBCO, Gaithersburg, MD), and 10% v/v FBS at days five and seven. The fusion 
protocol was referenced from Galfre, G. and Milstein, C. (1981). Preparation of 
Monoclonal Antibodies: Strategies and Procedures, Meth Enzymol 73: 1-46. 

d. Fusion Screening: The primary screening of the fusion occurred on day ten 
with confluent cultures. An El A was performed in a similar manner to the assay used for 
testing sera samples. Microtiter wells were coated with 100 uL of 1 ug/mL Apo CHI in 
PBS and incubated at room temperature overnight. After washing and blocking as 
previously described, 50 uL of culture supernatant was added and incubated 1 hour. The 
plates were washed and goat anti-mouse HRPO conjugate was added to each well. The 
addition of conjugate was followed by washing and color development with OPD. Since 
the relative intensity of optical density readings identified hybrids 18-358. 18-571. 18-459 
and 18-140 as having about three times that of negative control, normal mouse serum 
(NMS) (Organon Teknika-Cappel. Malvern. PA), these hybrids were expanded. 
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The f t hey _ selected for doning b£cause ^ ;-~° 2 

specific binding to Apo CHI with minimal non-specific binding to BSA 

e. Hyb^loning: All four hybrids described above were cloned by limitin e 
dilutions starting at 1 -100 10-foldtoin 6 i • «mmng 

5 v/v FBS and 1 I w ht ' , ' 8 ^ WaS IMDM 10% 

/0 WV Su PP le -ent. A 200 cell suspension was added to each of the 
96 wells in the tissue culture plate the 

.sotype AL-STAT kit (Sargstat Medical Corp „ Men , o ^ s 3 -7" 

-coding tot he vendor r eco ram e„UaUo n sa nd indica.ed ,Ka, l8 . ^0 s 
' = IgG2b and (he o(her three monoclonal antibodies were IgO 1 . 

A murine hybridoma which produces Mab insnn u u 
-terms f the Shapes, Treaty in L "* 
Parklawn Dnve, Rockville. Maryland 20852, USA, and has been accorded acces ion 
number ATCC HB-,2392. The deposi, is provided for convenience only aTd s o 
20 reoutre to practice t he present invention tn view of the teachings provided hel 

h. ^^^ U bod J Oirod^ : Cell lines 18-358-21,, 18-57L312. 18-459-.72 and 

mil' > r e eXPande<1 " V °' Ume WWl ' MDM Wi ' h S% v/v F «*' Clone Serum 
Hyclone Laboratories, Logan, UT) in tissue culture nasks a, a ce„ density between 1 , 

0 cells/mL and 5x10' ce lls /mL until they could be expanded into roller bottles The 

^^z:t io erow for mMi - — »■ - — 

cells weretT 2 ^ £!!d '7^ : CU " UreS fr ° m b °<"<= "™»ators and 

30 Co" ,v " d A " aKd aPPrOXimaldy 2 ° X » a " Concentrator (Amicon 

^filter T C ° nCeMra,ed SU| ™ S "« «-~«h an additional 0.45 

, ThCSe ma,e " alii w <= re P"ri'^ by Protein A-Sepharose column 

chromatography as described by Ey e, a,. . ( , 978), Immunochem 15- 4^9-436 The 
purged and dialed ant.body was tested for Apo C„, react.v.ty^v Ei "a as previously 
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2 - Evaluation of Monoclonal Antibodies : The following methods were used to evaluate 
the antibodies. 

a - Specificity of the Mabs in a Direct Binding E LISA usino r i poorotein (Wed 
Microtiter Plates : Lipoprotein fractions (LDL, HDL, VLDL, and IDL) purified by 
ultracentrifugation (see Example 2, infra) were coated on separate wells of a Maxisorb 
Nunc Immuno Plate as follows: one hundred microliters (100 uL) of each lipoprotein 
fraction at a lipoprotein-cholesterol concentration of about 1 ug/mL in 20 niM phosphate 
buffered saline at pH 7.0 (PBS) was dispensed into separated wells of the microtiter plate. 
The plate was incubated at 37°C for one hour and then washed five times with PBS 
containing 0.05% (v/v) Tween 20 (PBS-Tween 20). Non-specific binding sites were 
blocked with 200 uL of 1 0% (v/v) fetal bovine serum (FBS) in PBS at 37°C for one hour 
and the plate then washed five times with PBS-Tween 20. Each monoclonal antibody was 
diluted in 3% (v/v) FBS in PBS to a final antibody concentration of about 2 ug/mL and the 
diluted monoclonal antibody solutions were serially diluted on the plate. After incubation 
at 37°C for one-half hour, the plate was washed five times with PBS-Tween 20. 
Thereafter one hundred microliters (100 ul) of horseradish peroxidase (HRPO) labeled 
goat anti-mouse IgG (obtained from Kirkegeard and Perry Laboratories, MD), diluted in 
3% FBS in PBS to a final concentration of about 1.25 ug/mL, were added to each reaction 
well and the plate was incubated at 37°C for one half hour. The plate was then washed 
eight times with PBS-Tween 20. One hundred microliters (100 ul) of freshly prepared 
HRPO substrate solution, containing one o-phenylenediamine (OPD) tablet per five 
milliliters (5 mL) of citrate buffer at pH 6 (both available from Abbott Laboratories, 
Abbott Park , IL) were added to each well. The color reaction was stopped after five 
minutes by adding 100 ul of I N H 2 S0 4 to the reaction wells. An absorbance reading of 
each reaction well was then obtained with a Bio-Tek microplate reader at 490 nm. Typical 
binding curves for each lipoprotein tested with monoclonal antibody 18-358-21 1 are 
shown in Figure I. A summary of test results are presented in Table 1 which shows the 
binding effeciencies of the lipoproteins relative to LDL at an antibody concentration of 
about 0.1 ug/mL. As Table 1 shows, none of the four monoclonal antibodies bound to 
LDL and IDL. Furthermore, antibody 1 8-358-2 11 showed no cross-reactivity with HDL. 
The other three monoclonal antibodies showed verv weak cross reactivity with HDL 
(3-8%). 
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TABLE , : Binding of MonoCona, Antibodies ,o Lipoproteins on . sST" 



Mab* 


VLD 


LDL 


IDL 


l j 

HDL 




L 








18-571 -312 


100 


0 


0 


5 


18-140-196 


100 


0 


0 


8 


18-459-172 


100 


0 


0 


3 


18-358-211 


100 


0 


0 


0 



Co,,,, b M SpeCllk "Y " f Mabs to VLD, . in ro meeutive^^^ 

^***mmPims-. Specificities ct^Z^^^^Z^ 

by competitive binding of the m o„oc,ona 1 anybodies ,o ,he other Hpopro.einTin 
microplate wells coated with VLDL The VI ni ™, j , H proreins in 

tas in PBS to a concentrate mat was two limes the monoclonal amihoHv • 
at 50% VLDL-binding monoclonal anubody concentration 

as determined from .he binding curves generated in Section 2a above The hi„H' 

°j:i f r m r °r a,uibodies — - *™ * ^ "™ :^r es 

samp es were d.luted ,„ PBS starting a, 50 ug/mL choleslero. concentration Fifty 
^liters 0 uL> of each lipoprotein so.ution were then serially diluted tith BS in 

L o .he dHuted monoclonal antibody solutions. The monoclonal an.ibody-lipopro.ein 
™ »ures were mcubated a, room temperature for one-half hour on a rotator a 100 Z 
The contents from each we,, were then transferred to VLDL-coa.ed reaction wen! an'the 
plates were incubated at 3 7°C for one hal f ho. ,r ti , 

bound to the V. ni , am ° Um ° f monoclonal antibody 

descled t , reaC "° n We " S meaSUred 10 *» "«■»■ 

a um™: s ;; h " on 2a above - Typicai ■*•*>« ««« are ^ in rMEUre 3 

A ummary of the .est results are presented.in Table 2. The-cross-reactivities were 
determine a, 66 , 7% inhibillon of bmding by „ ^ • — ^ 

Cross-reactivity («/ 0 ) = Amount nee de d bv VLDI x 100 

Amount needed bv competitor 
.8-57, "p T^r" '" Tal " e 2 n ' diCa,C eXU:nS,W of monoclonal antibodv 

Sec ill" ~, "', COntri,St '° b ' ndi " B Cl "" VeS ° b,ain ' :d 1,1 S - c "- * «■»«. In 

-a. „„s monoclona, ant.body shows no binding to HDL. whereas i„ „ K inhibilion 
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assay, both VLDL and HDL show equal affinity for this monoclonal antibody. This result 

indicates that the affinities of some monoclonal antibodies toward lipoproteins differ 
depending on whether the reaction is performed with a solid phase (Figure 2) or in a fluid 
phase (Figure 3). 

TABLE 2: Competitive Binding of Monoclonal Antibodies by ELISA 

% Cross-reactivity 



Mab* 


VLD 


LDL 


IDL 


HDL 




L 








18-571-312 


100 


0 


0 


100 


18-140-196 


100 


0 


0 


0 


18-459-172 


100 


0 


8 


4 


18-358-211 


100 


0 


0 


0 



c - Specificity of the Mabs in a Direct Bindin g ELISA using Antibody Coa^d 
Microtiter Plates : Monoclonal antibodies were coated on wells of microliter plates as 
follows: Antibodies were diluted in PBS to a concentration of 10 ng/mL. One hundred 
microliters (lOOul) of each antibody solution were dispensed into separate reaction wells 
and incubated at room temperature on a rotator at 100 rpm for two hours. The plates were 
then washed five times with PBS-Tween 20 and blocked with 200 uL of 10% FBS in PBS 
by incubation at 37°C for one hour. The plates were then washed five times with 
PBS-Tween 20. 

Each monoclonal plate was then serially diluted with VLDL, LDL. IDL. and HDL 
in PBS, starting with a lipoprotein-cholesterol concentration of 5 mg/dL cholesterol, so 
that each well contained a total of 100 jil of solution. After incubation at 37°C for 
one-half hour, the plates were washed five times with PBS-Tween 20. One hundred 
microliters (100 jaL) of 0.5ug/mL anti-ApoB-HRPO or 1 ug/mL anti-HDL-HRPO 
conjugate (prepared according to Example 3) in 3% FBS in PBS were added to the 
respective wells. LDL-, VLDL- and IDL- containing wells received anti-ApoB conjugate 
and HDL-containing wells received anti-HDL conjugate. After incubation at 37°C for 
one-half hour, HRPO substrate was added and the absorbance measured as described in 
Section 2a above. Figure 4 shows typical binding curves of lipoproteins for the 
monoclonal antibody 8-358-21 1 (coated on a solid phase) and Figure 5 shows a 
comparison of the binding of VLDL to the four monoclonal antibodies. A summary of 
test results are presented in Table 3 which shows the binding efficiencies of the 
lipoproteins relative to VLDL at an antibody concentration of 3. 1 3 ug/mL. 
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TABLE 3: Binding of Lipoproteins to Mabs on a Solid Phase 



Mab* 


VLD 
L 


LDL 


IDL 


HDL 


18-571 -312 


100 


8 


5 


5 


18-140-196 


100 


35 


0 


7 


18-459-172 


0 


100 


0 


■** 
J 


18-358-211 


100 


5 


7 


5 



r ^ — vuuiwiciui concentration 

As seen in Table 3. monoclonal antibodies 18-358-211 and 1 8-57 1 -3 p showed 
^oss-reactivity (less «han 10%) with LDL, IDL and HDL. In con,™., Mab 
18-459-172 bound to LDL only and Mab 18-140-196 showed high reactivity (35%, with 

The selection of a preferred monoclonal antibody that could be used in the VLDL 
capture assay of the present invention was based on the consistency of the specificity 
results ,„ the direct titration assay (as exemplified in Section 2a and Table 1 ). inhibition 
assay (as exemplified in Section 2b and Table 2) and also by the direct binding of 
hpoprote.ns to monoc.onal antibodies immobilized on a solid phase (as exemphfied in 
Sec ten 2c and Table 3). Monoclonal antibody 1 8-358-2 U was the only Mab which 
performed consistently in all three experiments described above and therefore was selected 
in developmg the VLDL-cholesterol assays. 

I' lj m°fei!Bati°nofMonoclon a | A n,i^ Y ,„.„K,n| n .. An assay system was 
designed to selectively capture VLDL particles on an antibody coated solid phase and 
assay for cholesterol in the bound VLDL. Since cholesterol or other lipids associated with 
l.popro.etns are very hydrophobic, i, is desirable to use solid phases which are 
hydrophdhc in a solid phase assay for cholesterol. Moreover, the solid phase should have 

h,gh b,„d,„g capacity and be non-porous to avoid preferential inclusion of lipoproteins 
•n a porous so„d phase. Also, in the case where antibody is ,„ be immobilized on a solid 
Phase, the act.v.ty and the orientation of the immobilized antibody must be substantially 
preserved. CNBr-activated Sepharose 4B (Pharmacia LKB) was used ,„ demonstrate the 
tus.btl.ty ofan VLDL-specific cholesterol assay. However, other hvdrophilic solid 
Phases, such as carbolink hydrazidc agarose beads (Pierce Chemicals. Rockford In 
St. ho ,nk c oupling agarosc beads (Pierce Chemicals), Tnsacry, (IB.-,. HEMA-epoxy Bio 
Gd. 11EMA vmylsulfone B,o Gel (Altech Associates, Deerfield. 1L), glvcosvla.ed silica 
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gel or control porous glass, hydrophilic latex beads, and other like cellulosic materials can 

also be used. 



4 " Evaluation of Antibody Immobilized Solid Phases- The antibody immobilized solid 
phases were evaluated in terms of their binding efficiencies by incubating the solid phases 
with two plasma samples and then determining the amount of VLDL bound by measuring 
the amount of cholesterol in the bound solid phases. 

The protocol for a preferred lipoprotein capture assay is described in Example 8. 
The assay was performed using reagents prepared as described in Example 4. A typical 
cholesterol standard curve is shown in Figure 6. 

The efficiency of VLDL capture on a Sepharose 4B matrix having monoclonal 
antibody 18-358-21 1 bound thereto is shown in Table 4. 

TABLE 4: Efficiency of VLDL Capture on Mab 18-358-21 1 -Sepharose Matrix 



Mab 
Matrix* (uL) 


Amount 
VLDL-Chol 
(mg/dL) 


Plasma Sample No. 


Amount of 
Plasma (uL) 


% VLDL 
Captured 


25 


60 


9 


10 


98 


25 


60 


9 


20 


96 


50 


60 


9 


10 


100 


50 


60 


9 


20 


98 


25 


50 


11 


10 


100 


25 


50 


11 


20 


100 


50 


50 


11 


10 


100 


50 


50 


11 


20 


98 



Antibody-Matrix Concentration = 4.28 ng/mL 

As Table 4 shows, under all conditions tested, at least 96% of VLDL particles were 
captured from plasma sample nos. 9 and 1 1, even using a 25 p.L matrix volume. In 
developing the VLDL-cholesterol immunocapture assay, a 50 uL matrix volume and 10 u 
L plasma volume were used. As also seen in Table 4, the binding capacity of a 50 uL 
matrix volume is at least two-fold of 60 mg/dL VLDL-cholesterol concentration if a 10 uL 
plasma volume is used. i.e. using this methodology, a VLDL- cholesterol concentration up 
to 120 mg/dL can be completely captured. 

X ^ LDl-lmmunocapturc Assay : The protocol for a VLDL-immunocapture assay is 
described in Example 9. The VLDL-cholesterol concentrations were correlated with a 
reference ultracentrifugation method described in Example 7. One hundred subjects 
whose lipid profiles are shown in Table 5 were used in this study. Eighty-seven normal 



subjects, nine patients with coronary heart disease who were under lipid lowertr^ 7^ 
treatment (indicated by asterisk •) and four diabetic patients indicated by double asterisks 
) participated in this study. 

The VLDL-cholesterol concentrations determined by the ultracentrifuge method 
and the immunocapture assay using monoclonal antibody 18-358-21 1-Sepharose are 
presented in Table 6. The correlation between the ultracentrifuge method and the 
.mmunocapture assay is shown in Figure 7. The correlation coefficient (r) was 0 95 with 
an intercept of -0.964 and a slope of 1 .02. The results demonstrated that monoclonal 
antibody 18-358-21 1 is capable of capturing all VLDL particles of heterogeneous sizes 
(Musliner et al. ( 1 986) Arteriosclerosis 6: 79-87). 

6. Cholesterol Binding Ap pntc 

a- Vim-cholesterol standards: A plasma sample with a known 
VLDL-cholesterol concentration as determined by the ultracentrifuge method was used to 
generate a VLDL-cholesterol standard curve. Standards for VLDL- cholesterol 
concentrations within the range of about 20 mg/dL and 30 mg /dL were prepared by 
diluting the plasma sample with 1% alkali-treated casein in 20 mM phosphate buffered 
sahne (PBS) at pH 7.4. 

b - ^ration of Dip i tonin-Peroxidase Conj nr^: Digitonin (2.5 m U /mL in 
water) (water soluble containing 50% digitonin and sodium deoxycholate commercially 
available from SIGMA Chemical Company, St. Louis, MO) was oxidized with sodium 
meta-penodate by adding a solution of periodate (1 .68% w/v in water) to the digitonin 
solut.on to a final concentration of 0.02 M periodate (Tschesche and Wulff (1963) 
letrahedron 19: 621-634). The mixture was stirred at 4°C for one hour and then dialyzed 
against 20 mM phosphate buffered saline (PBS), pH 8.0. at 4°C overnight. A solution of 
0-25 M eth yi encdiamine in 20 mM PBS, pH 8.0. was added to the oxidized d.oitonin 
solution to a final concentration of 0.05 M ethylenediamine and incubated at 4"C The 
mixture was then reduced by two additions of 100 uL of a sodium borohydride solution 
per 30 mg of digitonin, after 30 minutes and after 60 minutes. After incubating at 4°C for 
two hours, the.mixture was dialyzed against 0.01 M carbonate buffer, pH 9.5 "at 4°C 
overnight. 

Five milligrams (5 mg) of horseradish peroxidase (HRPO, 155 Ku/m« 
commercially available from Amano International Enzyme Co.. Troy. V A) was dissolved 
tn water to a final concentration of 4 mg/mL HRPO. The HRPO was oxidized by addin<- a 
ireshly prepared solution of 0.2 M sodium mcia-periodate (50 uL/milligram of HRPO) * 
and incubating the mixture in the dark at room temperature for 20 minutes. The mixture 
was then dialyzed against 2 liters of I mM acetate buffer, pi I 4.5, at 4°C for 4 hours 
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The ethylenediamine derivatized digitonin solution and the oxidized HRPO 
solution were mixed in digitonin:HRPO weight ratios of 1 :5. To the reaction was added 
0.2 M carbonate buffer, pH 9.5 (50 uL buffer/mg digitonin), and the pH was adjusted to 
9.5 as necessary. The reaction mixture was stirred in the dark at room temperature for two 
hours and 100 uL of sodium borohydride solution (4 mg/mL in water) was added to the 
reaction. After incubating for two hours at 4°C, the reaction was dialyzed against 20 raM 
PBS, pH 7.4, at 4°C overnight. To each mixture was added fatty-acid free bovine serum 
albumin (to a final concentration of 5 mg/mL). The solution was then sterile filtered 
through a 0.22 p.m filter (Coaster Labs) and stored at -20°C. 

c - Anti-APO C 111 Coated Plates: VLDL specific Mab 18-358-21 1 was diluted in 
20 mM PBS, pH 7.4, to a final concentration of 15 pg/mL. One-hundred microliters of the 
solution was added to each well of Maxisorb Nunc Immuno plates (Nalge-Nunc 
International, Naperville, IL) and incubated at room temperature with gentle shaking for 
two hours. The plates were washed five times with PBS-Tween and then blocked with 200 
uL of 5% BSA in 20 mM PBS by incubation at 37°C for one hour. The plates were stored 
at 4°C with plastic sealers. Before use, the plates were washed five times with 
PBS-Tween (if HRPO conjugates were to be used in the assay) or TRIS-Tween (for assays 
utilizing AP conjugates). 

d - Generation of VLDL-Cho lesterol Standard Curves : VLDL-cholesterol 
standards (lOOuL/well, in duplicate) were incubated in the monoclonal antibody coated 
plates (Section 6c above) at 37°C for one hour. After washing the plates five times with 
PBS-Tween, 100 pL of digitonin-HRPO conjugate at 0.5 pg/mL in 1 % casein in PBS was 
added to each well and incubated at 37°C for one hour. The plates were washed with 
PBS-Tween eight times. OPD (100 pL of standard solution prepared from one OPD 
tablet/10 mL citrate buffer, pH 6; both commercially available from Abbott Laboratories, 
IL) was added to the wells. After incubation for 10 minutes, the color reaction was 
stopped with 100 uL of I N H9SO4. The plates were read at 490 nm on a microplate 
reader (Bio-Tek Instruments, Wingoski, VT). Standard curves (absorbance vs 
VLDL-cholesterol concentration) were generated from the results. A typical calibration 
curve plot of VLDL-cholesterol concentration by the sandwich assay is shown in Figure 9. 

e - Evaluation of VLDL-Cho lesterol in Plasma Samples : Plasma samples in 
ethylenediaminetetraacetic acid (EDTA) were collected from normal individuals and 
patients and frozen at -20°C until use. Thawed samples were not used after two days 
storage at 4°C. The samples were diluted 125-fold in 1% casein in PBS and assayed for 
VLDL-cholesterol according to the procedure of Section 6d above with the modification 
that the diluted samples were used in place of the standards. Along with the samples, 
standards were also assayed in duplicate as described in Section 6d. For each microliter 
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a pomt-to-po.n, fitted computer program. Seventy five subjects (No, ,-75 in Table S) 
were used m this study. The VLDL-cholesterol concentrations determined by the 
u tracentr, uge method and the assay of the present invention using monoclonal antibody 
18-358-211 -Sepharose and digitonin- HRPO are presented in Table 6. The correlation 
between the ultracentrifuge method and the sandwich assay is shown in Figure 10 The 
corretanon coefficient (r) was 0.923 with an intercept of -0.25, and a slope of 1 00 The 
resuhs demonstrate that Mab , 8-358-2, , is capable of capturing VLDL particles of 
heterogeneous sizes as demonstrated in ,he immunocapture assay of this invention. 

EXAMPLE I: Preparation Of Lipoprotein c ra „: — 

Blood samples from normal fasting subjects were collected into ethvlenediamine- 
. .raacettc acd (EDTA) and the red blood cells were removed by cen.rifugation The 
Plasma samples were then analyzed for Lp(a) using a TERUMO EUSA kit (Terumo 
Medtcal Corp., Elkton. MD). P,asma samp.es containing ,ess than , mg/dL Lp(a) - 
cholesterol were se.ected for the purification of VLDL, IDL, LDL and HDL. Lipoprotein 
subtractions were prepared in a Beckman Ultracentrifuge with a SW 40 Ti rotor by 
success.ve ultracentrifugation a, 4°C (Havel « ai (1955) J Clin Invest 4: 13 45-,3S5) 
VLDL was collected at a density of about ,.006 g/mL ; [DL was collected at a density 

1.019.,.050 g/mL; and HDL was collected a. adensity range of about 1.080-, ?55 g/mL 
All fracttons were isolated by the tube-slicing technioue (Beckman instruments, SP^CO 
D v ston alo Alto, CA). The Hpoprotein fracttons were dia,yzed exhaustive* against 
0. 1 M sod.um chlonde containing 0. 1 % EDTA and 0. 1 % sodium azide. pi I 7 4 a, 4°C 

fNaV , fraCti °" S Ster " e fi ' tered ,hr ° U ^ 0.2 Mm membrane filters ' 

(Na.gene) and VLDL through a 0.45 urn membrane filter ( N a,ge„e) and stored a, 4*C 
he pumy of each lipoprotein fraction was evaluated by electrophoresis under 

Res ,8. , 495- 1 509). Grad.ent slab gels of 2- 1 6% and 4-30% and electrophoresis 
apparatus OE-24 (Pharmacia LKB, were used in the a„a,ysis. The hpoprotein fractions 

coatammg no cross-contamination were used in the studies. 
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EXAMPLE 2: Preparation Of Peroxida s e Conjugate Of Anti-AnoR 

And Anti-Hdl Antibodies 

Mab 1 - 1 1 82- 1 3 7, developed at Abbott Laboratories using intact LDL particles as 
an immunogen, was used. This monoclonal antibody shows equal affinity with LDL, 
VLDL, and IDL in direct binding on ELISA (as described in Section 2a) and also in an 
inhibition assay as described in Section 2c. A polyclonal antibody against HDL in goat 
obtained from MEDIX Corporation was also used. 

Horseradish peroxidase (1 mg = 155 Ku, Amano International) was dissolved in 
water (250 uL) and oxidized with freshly prepared 0.2 M sodium meta-periodate (50 ul) at 
room temperature in the dark for 20 minutes. The oxidized peroxidase was then dialyzed 
against 2 liters of 1 raM acetate buffer (pH 4.5) at 4°C for four hours. 

Monoclonal antibody against apoB (Mab 1 -1 182-137, 1.9 mg/mL), which was 
dialyzed against 0.01 M carbonate buffer (pH 9.5) at 4°C, was treated with 20 uL of 0 2 M 
carbonate buffer (pH 9.5). The antibody and the dialyzed peroxidase were then mixed at 
room temperature in the dark for two hours. To this mixture 24 uL of freshly prepared 
sodium borohydride (Aldrich, 4 mg/mL in water) was added and then incubated at 4°C in 
the dark for two hours. The peroxidase-antibody conjugate was then dialyzed against two 
liters of 20 mM phosphate buffered saline (pH 7.4) at 4°C and stored at -20°C in small 
20 aliquots. 

Similar procedure was adopted to prepare the peroxidase conjugate of anti-HDL 
polyclonal antibody. 

The binding curves of anti-apoB and anti-HDL-peroxidase conjugates with 
lipoproteins are shown in figures 8A and 8B, respectively. A Maxisorb Nunc Immune 

25 plate was coated with 100 ul of different lipoproteins by incubation at 37°C for 30 

minutes. After blocking the non-specific sites with 200 ul of 10% FBS in PBS at 37°C for 
one hour, and washing five times with PBS-Tween 20, 100 uL of peroxidase conjugates 
(2.5 ug/mL diluted in 3% FBS in PBS) was added to the first row of wells and were 
serially diluted in horizontal wells. The plates were incubated at 37°C for 30 minutes, 

30 washed eight times with PBS-Tween 20. One hundred microliters of OPD substrate 

solution was added to each well. After incubation at room temperature for five minutes, 
the color reaction was stopped with 100 p.1 of I N H9SO4. The plate was then read at 490 
nm on a microplate reader. 
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To Cnbr-ActivareH Sepharosp 4h 

« P „ 8 , ( coup„„ g buffer). A g e„ tl e vacuum was appHeJ ^ e , ^1 ^ 

7 f ^ TOS thOT "-to- * ^ «■-. tube with a screw-capped stopper 
Monoclonal antibody 1 8-258-21, (, 5 mg , concentration 2.6 mg/mM which^s di9 , . 

gently end-over-end using an infiltration wheel at 4°C for 20 hnnr< tk 
^-suringthe^^ 

zt: ::r ies used - more than 95% were bound * - - ^ * - 

transterred to a coarse- porosity smtered-glass funnel, washed with so m r f a 

rzrn 25mLofo 1 M ™ s - Hc '^p^: 0 :^r^ 

was then transferred to a glass tube, and mixed with 1 0 mL of the h.^L u J 

cycles of a„emaf„ g P H. Each cycle consisted of a wash with acetate b„ffer<0 , mTh 4, 
on a,„ mg ^ cWoride (0 5 M) foMowed by a wash tr ^< 0.IK p 14) 

Co 0 5 S r U p H ^ <0 ' 5 M> " n " al WaS " ^ 100 ^ °f TRIS ^TCl 

(st rag buffel 7 ">-"'™g *>di„m chloride ( 0.,5 M) and sodium azide (0 0,%) 
(storage buffer). The gel was stored as a 25% suspension (14 m L) i„ the s,ora«e buffer a, 
4 C. Assummg ,00% of the monoclonal antibody bound to the e el .00 uL of C el 
suspension contains 2 14 ug of the monoclonal antibody. " 

EXAMPI.F. 4- Prenan.tir.r.nrri.o tea^i A „, yD .^ f _ 

"me of thetsaffi T SePara ' e reageMS WCre Md Wrc « *e 

° f the assay - T** r ' rsl ■»<!«« formula was comprised of I 67 g of 3 5 

d,ch oro-2-hydroxy,benze„esulfo„ic acid sodium salt (Aldrich, Milwaukee Wl) and 0 4-8 

8 oniorseradishr*roxidase (specific activhv 89 1 c7 , . Wl) and 0.4^8 
in 20 4 m. o 05 M , t ™ S ' man ° < M e™<>°«*l) dissolved 
(MOLSO S,G MA ? uZ7 h0,ln0 >- 2 -^ dro ^P-Panesu,fo„ic acid sod.um sal, 

M,C ,u ■ r>„ " " SeC ° nd reaSCn ' f ° n,,aia Was of 0.0 1 1 3 g 

M 8 U, 6H!0 . 0 . 0276gan| , ydrousCaCl3 0 5|g|aciose 05 * 

~ci^ 

* O H LZ - /m E* Amano International), 0.086 g 
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cholesterol oxidase (specific activity 6.2 EZ/mg, Boehringer-Mannheim) d^ZZ^Twl 
mL of 0.25 M MOPSO buffer (pH 7). The first and the second reagents were stored 
separately in small aliquots at -20°C in dark. 

Both reagents have been found to be stable for at least 16 months in terms of their 
assay performances, in terms of correlation and slope with known cholesterol standards 
Eight and one half microliters of each of the reagents were used in the assay The 
peroxidase activity of 8.5 uL of first reagent was 14.7 EZ and the enzyme activities of 
cholesterol ester hydrolase and cholesterol oxidase of the second reagent were 1 .04 EZ and 
0.445EZ, respectively. 

b. Reaction Buffer : The reaction buffer (ICMT) which is also the extraction 
buffer contained the following materials: 0.05 M MOPSO ( P H 7) (Sigma) 1% IgePal 
CO-530 (GAF), 0.2% Triton- X-100 ® ( B io-Rad) and 0.3% cholic acid (Sigma) The 
buffer was sterile filtered and was stored at room temperature. The buffer is stable for at 

least one year. 

EXAMPLE 5- Preparat ion Of A V LD L-Chol^r„» S tandard Tnrv. 

Two hundred microliters of monoclonal antibody-immobilized Sepharose 4B gel 
suspense from Example 3 was transferred to an approbate number of Eppendorf 
rmcrocentrifuge tubes. Each tube was completely filled with 5% BSA in PBS and mixed 
on a TOM Y micro tube mixer (Peninsula Laboratories) at room temperature for one hour 
m order to block the non-specific binding sites of the plastic tube. Tubes were then 
centrifuged on a table-top centrifuge for about one minute and the supernatant carefully 
aspuated. One hundred microliters of a plasma sample diluted in PBS was added to a tube 
of gel suspension. Gel suspensions were mixed on a TOMY mixer at room temperature 
for one hour. Gel suspensions were then washed twice with about 1 mL of PBS by mixing 
for one mmute, centrifuging for one minute and aspirating the supernatant from each 
ICMT solution (prepared as in Example 4(b)) was added to each tube to a final volume of 
750 uL. Cholesterol assay reagents (8.5uL of each of #1 and HI from Example 4 (a)) were 
added to each tube. The suspensions were mixed on a TOMY mixer for about eight 
mmutes, centrifuged for one minute and the absorbances of the supernatant solutions were 
read on a DU 7400 Spectrophotometer at 5 1 5 nm. The concentrations of the gel-bound 
cholesterol were determined from a cholesterol standard curve. The standard curve (shown 
in Hgure 6) was prepared with purified VLDL samples having concentrations of 1 .56 
3-12. 6.25, 12.5 and 25 mg/dL following the assay protocol described above. 
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Two hundred microliters of monoclonal antibody-immobilized Sepharose 4B K el 
suspense from Example 3 (about 214 ug of antibody) was transferred to an ' 
number of Eppendorf tubes which were previously treated with TssiT^BsZTl 
all non-specific binding sites. One hundred microtia of individual p^a » 
conta „ g acid.itrate-dex.rose or EDTA anticoagulant,, diluted ,e n Tb Ire 
to each 200 M L of gel suspension. The g e, suspensions were mixed on a TOMY 

asDirZf.h " 6 ^ mi " Ute - ""Wf-'Sing for one minute and 

asp.ra.tng the supernatants. ,CMT solutions (described in Examp.e 4(b)) were added to 
each tube to a final volume of 750 uL. Cholesterol assay reagenUS 5 u ofZTZ A 
« from Examp.e 4(a), were added to each tube. The suJpensL te^^ ^ 
m.xer for about eight mi„ u ,es, centrifuged for one minute and the absorbances of Z 
supernatant solutions wer e read on a DU 7400 Spectrophotometer a. 5 1 5 nm Th 

" 7 ° f VLDL - Ch0 ' eSttrol ta "« -Pto were determined by 

mul„ply „ 8 .he concentration obtained from the s.andard curve shown in Fi„ ure S by , 0 
The results are shown in Table 6 and Figure 7. r i e ure 6 by 

EXAMP LE 7: 0„an,italinn _ Of VLDL-Cholestero LBy Ul,racen.rif„„„,^„ 

34 „ , P 'T, a SamP ' eS <2 '" L eaCh> WCTe '° ul,racte «"** (Beckman ! 1 x 

34 mm, and .hen overlayered wi.h 0.3 mL of d 1 .006 g/m L KBr solution The samples 

^T? i Tb T " SWin8ing bUCket r ° ,0r a ' 4 °- 000 *» " ™ *" 2 » - 

us ng a T-l 00 Beckman ultracentrifuge. The upper VLDL layers were carefuHy pipetted 

cholestet of I T ^ ° fCh0, ""'° l to the total 

ow r 006 ,e JTr '/ Ch0 ' eSter0 ' » f «« <W~ VLDL and .he 

aslys ^ " ranel Ch °' eSKr0l> " ere de,emi " ed V 'S'ON cholesterol 

S^^"^:*'* 0 " ^ ,L) ' VLDL -"°'«<-' c„„ce„,ra,io„s were 

re uUs 'T. " '° ,a ' P ' aSma Ch °' eS,Crol a " d »f™« ^es.ero, The 

results are shown ,„ Table 5 and were used in the correlation studies ,„ Table 6 
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E XAMPLE 8: VLDL-Chole sterol SanHwinh A«, y 

The monoclonal antibody 18-358-21 1 was diluted in 20 mM PBS. at pH 7 4 to a 
concentration of 15 M g/mL. One hundred microliters of the antibody solution was added to 
the wells of Maxisorb Nunc Immuno plates and the plates were incubated at room 
temperature on a rotator at 100 rpm for two hours. The plates were washed five times with 
PBS-Tween solutions and then blocked with 200 ul of 5% w/v BSA in 20 mM PBS, at pH 
7.4, by incubation at 37°C for one hour. The plates can be stored at 4°C with plastic' 
sealers at least for ten days prior to use. 

Plasma samples (Nos. 1 -75 in Table 5) were diluted 125-fold with 1 % w/v alkali- 
treated casein in 20 mM PBS at P H 7.4. One hundred microliters of the diluted samples 
were added to each well of the antibody plates and the plates were incubated at 37°C for 
one hour. After washing the plates five times with PBS-Tween, 100 ul of HRPO-digitonin 
conjugate (0.5 ug/mL in 1% w/v alkali-treated casein in 20 mM PBS at pH 7.4) were 
added to each well. The plates were incubated at 37°C for one hour and then washed ten 
times with PBS-Tween. One-hundred microliters of a freshly prepared solution of 
o-phenylenediamine in citrate buffer (substrate commercially available from Abbott 
Laboratories) were added to each well and after five minutes, the reaction was quenched 
with 1 00 uL of 1 N H 2 S0 4 . The absorbance of each well was measured on a Bio-Tek 
microplate reader at 490 nm. The VLDL-cholesterol concentration was then determined 
from a standard curve of absorbance versus VLDL-cholesterol concentration (shown in 
Figure 9). The results of the sandwich assay and the correlation curve between the 
ultracentrifuge method and sandwich assay for VLDL-cholesterol are shown in Table 6 
and Figure 10. The correlation between the two methods were fairly yood with a 
correlation coefficient(r) = 0.923; intercept = -0.25 1 and slope = 1 .00. The correlation 
between the two methods could have been even better if the VLDL-cholesterol 
concentrations could have been more direct. Moreover, calculation by using two assays 
(total cholesterol and infranet cholesterol in the ultra centrifuged fraction) obviously can 
lead to an error, particularly with plasma samples with low VLDL cholesterol 
30 concentrations. 

EXAMPLE 9- VI Df -Cholesterol Calibration Curve Fo r ImmnnornptMr, Ac„„ 

VLDL-cholesterol standards were prepared from plasma samples as described in 
35 Section 6. Calibrators having VLDL-cholesterol concentrations of 0, 1 .56. 3.125. 6.25. 
12.5 and 25 mg/dL were assayed by the method described in Example 9. The 
concentrations were mult.plied by 125 to generate the standard curve because the plasma 



20 



25 



33 



*n P les were d.luted ,25-fold prior to performing the assay. A plot of VLD ^ 2 
7*"™ VeKUS absorb — was prepared from the resulting data. Figure 8 is 
■llustrat.ve of such a pl „, The VLDL-cholestero, co„ce„,ra t io„ in unknown samp,. can 
be determ.ned from the cahbrat.on curve. Genera,,, ,he cahbrators and t he p,asm 
samples were assayed on the sa™ plate to minimize the effect of variations in the 
reagents materials and conditions. The number and concentration of calibrators can be 
read.ly altered depending on the desired accuracy of the results. 

The embodiments described and the alternative embodiments presented are 
m tended as examp.es rather than as limitations. Thus, the description of the invention is 
no .ntended to limit the invention to the partic„,ar embodiments diseased, but it ! 
m ended t0 eriCO m a„ equivalents and subject matter within the spirit and scope of the 
mve„t,on as desenbed above and as set forth in the following claims. 
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TABLE 5: LIPID PROFILES OF PLASMA SAMPf F<; 



Sample Total^ HDL-C Tri? FE-LDL^ 

LDL-^ 



No. m g/dL m g/dL mg/dL mg / mL 



mg/mL 



1 


155 


68 


107 


107 


107 


2 


220 


44 


201 


136 


144 




197 


55 


44 


133 


128 


4* 


230 


47 


109 


150 


166 


5 


177 


38 


104 


118 


1 19 


6 


182 


70 


37 


104 


104 


7 


217 


41 


127 


150 


156 


8 


135 


43 


77 


77 


78 




227 


32 


365 


122 


137 


10 


282 


43 


180 


203 


l y\J 


11 


275 


50 


114 


202 


1 74 


12 


199 


65 


249 


84 


1 UZ 


13 


231 


50 


73 


166 




14 


179 


49 


64 


1 17 


1 1 7 


15 


136 


35 


92 


83 


OJ 


16 


228 


59 


1 10 


147 


I JO 


17 


142 


51 


51 


81 


o 1 


18 


170 


64 


45 


97 


Q7 


19 


205 


65 


126 


1 15 




20 


127 


45 


58 


71 


7^ 


21 


172 


64 


70 


94 




22 


207 


67 


50 


130 




23 


211 


40 


99 


150 


147 


24 


178 


56 


70 


87 


90 


25 


156 


63 


51 


83 


75 


26 


225 


45 


93 


161 


158 


27 


n/a 


r/a 


n/a 


n/a 


n/a 


28 


166 


51 


64 


102 


104 


29 


142 


51 


44 


82 


82 


30 


162 


67 


162 


62 


67 


31 


161 


70 


94 


72 


70 


32 


187 


45 


215 


99 


106 
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33 


147 




34 


144 




35 


185 




36 


177 


5 


37 


148 




38 


182 




39 


203 




40 


119 




41 


138 


10 


42 


156 




43 


190 




44 


258 




45* 


209 




46 


160 


15 


47 


181 




48 


222 




49 


246 




50 


184 




51 


280 


20 


52 


229 




53 


164 




54 


208 




55 


245 




56 


185 


25 


57 


180 




58* 


164 




59* 


244 




60 


167 




61 


175 


30 


62 


151 




63 


180 




64 


230 




65 


181 




66 


184 


35 


67 


206 




68 


139 




69 


167 



49 
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67 


85 


81 


38 


78 


90 


87 


78 


36 


100 


101 


39 


133 


111 


115 


29 


168 


86 


89 


58 


84 


108 


93 


36 


57 


156 


150 


45 


64 


62 


64 


48 


90 


71 


76 


26 


125 


105 


109 


46 


102 


123 


108 


36 


368 


149 


148 


41 


146 


139 


124 


60 


41 


92 


97 


47 


60 


123 


123 


38 


106 


162 


158 


57 


146 


159 


161 


48 


88 


119 


119 


45 


209 


193 


180 


53 


115 


153 


148 


45 


124 


94 


95 


42 


161 


134 


135 


50 


91 


177 


162 


54 


54 


120 


124 


66 


62 


102 


99 


42 


85 


105 


105 


55 


132 


163 


140 


33 


154 


103 


120 


53 


102 


102 


104 


55 


169 


62 


75 


36 


205 


103 


107 


54 


122 


151 


142 


42 


92 


121 


116 


50 


132 


108 


110 


37 


247 


120 


129 


46 


59 


71 


75 


46 


73 


106 


105 



36 



10 



15 



20 



25 



30 



35 
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215 
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63 


78 


1 JO 


134 


71 


148 


71 


53 


O / 


73 


72 


156 


42 


64 


1 uz 


91 


73 


162 


53 


95 


on 


95 


74 


216 


34 


149 


l D4 


152 


75 


154 


50 


69 


on 


86 


76 


n/a 


n/a 


IU d 


n/a 


n/a 


77 


136 


38 


65 


OJ 


72 


78 


160 


49 


61 


OO 


89 


79 


165 


72 


/O 


■ ni 
15 


75 


80 


147 


46 




o9 


77 


81 


160 


49 




94 


72 


82 


173 


29 


Q8 


124 


113 


83 


161 


38 


QA 

"O 


104 


82 


84 


176 


90 




/ / 


83 


85 


161 


48 




96 


95 


86 


n/a 


r» /a 
1 1/ d 


n/a 


n/a 


n/a 


87 


198 


80 




107 


110 


88 


207 


7^ 
/ j 


/9 


115 


120 


89 


1 15 


HO 


o / 


56 


58 


90 


n/a 


11 / Cl 


n/a 


n/a 


n/a 


91 


n/a 


n /a 


n/a 


n/a 


n/a 


92 


180 




4v 


1 15 


110 


93* 


238 


ACl 
HU 


z 1 4 


155 


163 


94* 


289 


_)0 


299 


193 


202 


95* 


-1- o 


/U 


91 


140 


144 


96* 


309 


39 


DO 


256 


266 


97** 


200 


34 


341 


98 


129 


98** 


135 


38 


53 


86 


89 


99** 


237 


53 


316 


121 


138 


100** 


200 


41 


234 


112 


106 



I ~. . ~ : — — 

ing - triglyceride concentration * — " 

3 FE = Friedcwald Equation: [LDL-Chol] = [Total-Choi} - [HDL-Chol] - [Trig/S] 

- [LDL-Chol] = [d.L006 g/mLlnrranate:Chol| 

Patients with coronary heart disease who are on lipid lowering druus 
** Diabetic patients 
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TABLE 6 

CORRELATION BETWEEN VLDL-CHOLESTEROL ASSAYS 

5 Na UC-VLDLl IC- VLDL 2 IA-VLdP 

mg/dL mg/dL mg /dL 





1 


14 




1 1 




2 




17 


20 


10 


3 


1 J. 
1 H 


12 


9 




4 


1 7 
I / 


13 


20 






17 


15 


18 




6 


o 
o 


10 


10 




7 


OA 

ZD 


17 


18 


15 


o 


i /* 
14 


1 1 


12 




Q 


60 


68 


73 




I A 


46 


55 


51 




i l 

i i 


51 


49 


56 




1 0 

1 z 


32 


21 


21 






14 


10 


14 




1 A 

14 


13 


12 


12 






12 


10 


9 




lo 


22 


21 


22 




1 1 
1 / 


10 


8 


8 


Zj 


1 Q 
1 O 


9 


8 


5 






15 


12 


18 






7 


12 


8 




O 1 

21 


14 


14 


21 






10 


11 


11 




oi 
ZJ 


15 


12 


15 




24 


14 


13 


9 




25 


10 


8 


6 




26 


14 


11 


14 




27 


8 


6 


4 


35 


28 


11 


10 


9 




29 


12 


15 


12 




30 


28 


29 


30 




31 


26 


20 


22 
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32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 



37 
18 
21 
1 1 

23.5 

31 

33 

19 

14 

16 

22 

40 

77 

42 

10 

16 

21 

29 

20.5 

57 

31 

27 

18 
30 

13 

16 

18 
40 

18 

20 

27 

39 

39 

22.5 

31 

41 

13 



35 

13 

18 

16 

23.9 

23 

25 

19 

12.4 

17 

21.5 

21 

80 

31 

13 

14.4 

20 

33 

20.7 

61 

28 

23 

28 

20 

16.8 

15.6 

16 

41 

23 

19.2 

32.8 

49 

44 

24.5 

31.6 

50 
13 
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44 

12.4 

12.4 

12 

28 

30 

24 

17 

14 

18 

18 

36 

76 

31 

15 

18 

17 

27.4 

20 

49 

28 

29 

30 

19 
21 

16.8 

18 

34 

23.7 

19.5 

47 

49 

31 

22 

30 

49 
14 
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V)7 


21 


19.3 


18 




70 


24 


23 


17 




7 1 
/ 1 


10 


14 


10 




72 


15 


19 


14 


5 


73 


19 


18 


21 




74 


33 


33.7 


31.2 




75 


22 


28 


32 




76 


10 


9 






77 


13 


10 




10 


78 


12 


14 






79 


14 


10 






80 


12 


10 






81 


16 


11 






82 


20 


18 




15 


83 


19 


19 






84 


9 


13 






85 


10 


8 






86 


7 


12 






87 


12 


15 




20 


88 


14 


18 






89 


11 


9 






90 


15 


9 






91 


8 


4 






92 


15 


14 




25 


93 


37 


43 






94 


51 


50 






95 


1 1 


11 






96 


14 


17 






97 


37 


37 




30 


98 


8 


5 






99 


35 


31 






100 


52 


53 





35 



* Measured by Ultracentrifugation according to Example 7. 
- Measured by immunocapturc according to Example 6. 

Measured by sandwich immunoassay according to Example 8. 
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1 - A method for determining the amount of apoB associated with VLDL in a sample 
comprising: 

(a) mixing a sample and a VLDL-specific binding agent for a time and 
under conditions to form binding-agent-VLDL complexes; and 

(b) determining the amount of apoB associated with VLDL bound to 
said binding-agent-VLDL complexes. 

2. The method of claim 1 wherein said VLDL-specific binding agent is coupled to a 
solid support. 

3. The method of claim 2 further comprising the step of separating the solid support 
from the sample before determining the amount of apoB bound to said binding-agent- 
VLDL complexes. 

4. The method of claim 2 wherein the solid support is selected from the group 
consisting of nitrocellulose, latex, nylon, polystyrene. 

5. The method of claim 2 wherein the solid support is selected from the group 
consisting of beads, particles, magnetic particles, and glass fiber. 

6. The method of claim 1 further comprising the step of separating said 
binding-agent-VLDL complexes prior to step (b). 

7. The method of claim 6 wherein said VLDL-specific binding agent is conjugated to 
a first charged substance and said separation comprises: 

(a) contacting said binding-agent-VLDL complexes with an insoluble 
solid phase material which is oppositely charged with respect to said first charged 
substance, such that said solid phase material attracts and attaches to said first charged 
substance; and 

(b) separating said solid phase material and said sample. 

8. The method of claim 7 wherein said charged substances are anionic and cationic 
monomers or polymers. 



. wucici,, uic v uub-specinc Dinding agent is an antibody or 

fragment thereof that binds to substantially all VLDL, to LDL at less than about 10% of 
VLDL binding, to IDL at less than about 10% of VLDL binding, and to HDL at less than 
about 10% of VLDL binding. 

10. The method of claim 9 wherein said antibody is a monoclonal antibody. 

11. The method of claim 10 wherein said monoclonal antibody is selected from the 
group consisting of 18-571-312, 18-140-196, 18-459-172, and 18-358-211. 

12. The method of claim 10 wherein said monoclonal antibody is 18-358-21 1. 

13. A method for determining the amount of apoB associated with VLDL in a sample 
comprising the steps of: 

(a) contacting said sample with an indicator reagent wherein said 
indicator reagent is a monoclonal antibody or fragment thereof that specifically binds to 
said apoB associated with VLDL and with a solid support coated with VLDL for a time 
and under conditions to permit binding of said indicator reagent with said VLDL in said 
sample and with said bound VLDL; and 

(b) determining said amount of apoB associated with VLDL in said test 
sample by detecting the reduction in binding of said indicator reagent to said solid support 
as compared to the signal generated from a negative sample to indicate the presence of 
VLDL in said test sample. 

14. The method of claim 13 wherein said indicator reagent is Mab 18-358-21 1. 

15. A method for determining the amount of cholesterol associated with VLDL in a 
sample comprising: 



a. 



mixing a sample and a VLDL-specific binding agent for a time and 
under.conditions.to form binding-agent-VLDL complexes; and 

b. determining the amount of cholesterol bound to said binding-agent- 
VLDL complexes. 

16. The method of claim 15 wherein said VLDL-specific binding agent is coupled to a 
solid support. 
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1 7. The method of claim 1 5 further comprising the step of separating said 
binding-agent-VLDL complexes prior to step (b). 

1 8. The method of claim 1 5 wherein the VLDL-specific binding agent is a monoclonal 
antibody, polyclonal antibody or fragment thereof that binds to substantially all VLDL, to 
LDL at less than about 10% of VLDL binding, to IDL at less than about 10% of VLDL 
binding, and to HDL at less than about 10% of VLDL binding. 

19. The method of claim 1 8 wherein said antibody is a monoclonal antibody. 

20. The method of claim 19 wherein said monoclonal antibody is selected from the 
group consisting of 18-571-312, 18-140-196, 18-459-172. and 18-358-211. 

21. The method of claim 16 further comprising the step of separating the solid support 
from the sample before determining the amount of cholesterol bound to said 
binding-agent-VLDL complexes. 

22. The method of claim 1 6 wherein the solid support is selected from the group 
consisting of nitrocellulose, latex, nylon and polystyrene. 

23. The method of claim 16 wherein the solid support is selected from the group 
consisting of beads, particles, magnetic particles, and glass fiber. 

24. The method of claim 15 wherein said determination comprises releasing said 
cholesterol bound to said binding agent-VLDL complexes and measuring the amount of 
cholesterol released. 

25. The method of claim 15 wherein said determination comprises mixing said 
binding-agent-VLDL complexes with a cholesterol specific binding agent coupled to a 
detectable label for a time and under conditions suitable to form binding-agent-VLDL- 
cholesterol specific binding agent complexes and determining the amount of label bound 
to said binding-agent-VLDL-cholesterol specific binding agent complex. 
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26. The method of daim ,7 wherein M VLDL-speciftc binding agent 
to a first charged substance; and said separation comprises: 

(a) contacting said binding-agent-VLDL complexes with an insoluble 
solid phase material which is oppositely charged with respect to said first charged 
substance, such that said solid phase material attracts and attaches to said first charged 
substance; and fe 

(b) separating said solid phase material and said sample. 

27. The method of claim 26 wherein said charged substances are anionic and cationic 
monomers or polymers. 

28 The method of claim 1 7 wherein said determination comprises releasing said 
cho estero bound to said binding-agent-VLDL compiexes and measuring the amount of 
cholesterol released. 

29 The method of claim 1 7 wherein said determination comprises mixing said 
brndrng-agent-VLDL complexes with a cho.estero. specific binding agent coup.ed to a 
detectable label such that a second complex is formed and determining the amount of label 
bound to said second complex. 

3(1 An antibody or fragment thereof specific for VLDL wherein said antibody binds to 
substantially al. VLDL, to LDL at less than about 10* of VLDL binding, to IDL at less 
than about 10% of VLDL binding, and to HDL at less than about 10% of VLDL binding. 

31- The antibody of claim 30 selected from the group consisting of 18-571-312 18 
140-196. 18-459-172, and 18-358-211. 

1™ antib ° dy ° f daim 31 WhiCh iS Pr ° duCed by 3 hyWdoma cell line having 
A I CC Accession No. HB- 1 2392. 

33^ A hybridoma cell line that produces a monoclonal antibody which binds to 
substantially al, VLDL, to LDL at less than about 10% of VLDL bind.ng. to IDL at less 
than about 10% of VLDL binding, and to HDL at less than about ,0% of VLDL binding. 

34. The hybridoma cell fine of claim 33 wherein said monoclonal antibody is selected 
trom the group consisting of 18-571-312, 18-140-106. 18-459-1 72. and 18-358-211 
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35. The hybridoma cell line of claim 33 having ATCC Accession No. HB- 12392. 

36. A monoclonal antibody specific for VLDL prepared by the method comprising the 
steps of: 

(a) immunizing a mouse or a rat with Apo CHI; 

(b) making a suspension of the mouse or rat spleen cells; 

(c) fusing the spleen cells with mouse or rat myeloma cells in the 
presence of a fusion promoter; 

(d) culturing the fused cells; 

(e) determining the presence of anti-VLDL antibody in the culture 

media; 

(f) cloning a hybridoma producing antibody that binds to substantially 
all VLDL, to LDL at less than about 10% of VLDL binding, to IDL at less than about 10% 
of VLDL.binding, and to HDL at less than about 10% of LDL binding; and 

(g) obtaining the antibody from said hybridoma. 
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